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The BCMASP Earth-Orbit Simulator is a special pur- 
pose computer program designed to generate and analyze long- 
duration earth-orbital spacecraft ephemerides. The EOS has 
five principal computational options. It can be used to 
compute 

*the spacecraft ephemeris 
*the spacecraft day/night cycles 
*site visibility for photographic targets 
*line-of-sight encounters with MSFN ground stations 
*an optimum powered flight trajectory. 

On option, the EOS will also generate a magnetic tape containing 
the descriptions of spacecraft-target encounters. The tape can 
be used with either the photographic or communications options 
and is designed to be used as the primary input to the Target 
Site Analysis Program. The latter is an auxiliary program 
developed specifically to analyze a series of spacecraft-target 
encounters. 

The simulator retains the overall structure of the 
standard BCMASP; however, a number of significant modifications 
were made to the latter to facilitate the accomplishment of the 
computational objectives. These include: 

*modification to 21 of the “standard” BCMASP 

*modification to the common and input data 

*addition of four original subroutines to the 

*use of special Events and Print Lists, 

subroutines 

structures 

output processor 
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MEMORANDUM FOR FILE 

1.0 Introduction 

The BCMASP Earth-Orbit Simulator (EOS), described in 
References 1-3, has been modified to run on the UNIVAC 1108 
EXEC 8 system. 
the program which expand its capabilities and increase its 
operational flexibility. 
fall into one of two categories: 

those affecting the general operation of the 
program, and 

In addition, other changes have been made to 

These modifications, described below, 

(1) 

(2) those affecting the simulation and analysis 
of the orbital trajectory. 

2.0 Operation on the UNIVAC EXEC 8 

The EXEC 2 version of the Earth-Orbit Simulator is 
a complete, self-contained version of BCMASP. 
forms satisfactorily, it does not contain many of the computa- 
tional improvements made to BCMASP subsequent to its inception. 
To take advantage of these as well as future improvements, the 
EXEC 8 version of the simulator has been made completely cam- 
patible with the EXEC 8 version of BCMASP. 
consists of only 25 subroutines. Four of these subroutines are 
original; the remaining 21 are modified versions of "standard" 
BCMASP routines. The symbolic and relocatable elements of 
these 25 routines, along with a MAP to segment the program and 
five card file elements to facilitate operation of the EOS are 
stored on a read-only FASTRAND file named BCMASPxDIXl. 
contents a re  shown in Table 1. 

Though it per- 

* The former now 

Its 

* 
i.e., a majority of the subroutines used by the EOS are 

taken directly from the BCMASP library. 
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Operation of the EOS requires the assignment of 
four files for the duration of the run. In addition to 
BCMASP+DIXl, it requires 

BCMASPsASP the standard BCMASP program 
file 

BCMASPsEPHEMERIS a data file containing the 
ephemerides of the earth, 
sun, and moon 

BCMASP*QFILE a temporary or scratch file 
used only during the run 
for the periodic recording 
of rollback data. 

An intermediate file or tape must also be assigned if the PRINT 
LATER or PRINT BOTH options are used. 

The MAP on BCMASP+DIXl defines the manner in which the 
EOS is to be segmented during execution. A listing of this 
MAP appears in Figure 1. The MAP defines four segments. Three 
segments (SETUPG, PROCSS, and SIMDKS) each contain subroutines 
(or elements) which are used exclusively by that segment. 
Specifically, SETUPG contains all of the setup and initialization 
routines, SIMDKS contains those elements used only for the genera- 
tion of the spacecraft trajectory and PROCSS contains the data 
processing routines that control the execution of the Print List. 
The MAIN segment contains the subroutines common to the other 
three segments. 

Proper operation of the Earth-Orbit Simulator requires 
that the 21 "modified" subroutines on BCMASPwDIXl be used in place 
of the respective standard versions that appear on the BCMASP pro- 
gram file. To insure that these subroutines are indeed used, 
the entire contents of the BCMASPwDIXl file are Copied onto the 
Temporary Program File TPF$. When a subsequent command is encoun- 
tered to execute the MAP, the collector will use the version 
of the element on TPF$ instead of the corresponding version on 
BCMASP8ASP. 

As discussed in Reference 1, the EOS Print List is 
constructed specifically to compute site visibility for photo- 
graphic targets. However, it can easily be modified to perform 
a number of other computations related to the spacecraft tra- 
jectory ( e . g . ,  spacecraft day/night cycles and line-of-sight 
encounters with MSFN ground stations ) .  Since the precompiled 

* 
**  

* 
Reference 3 

** 
Section 3.2 
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version of the Print List (Subroutine OUTTGT) is stored on 
the EOS program file, these modifications can most easily be 
accomplished by editing the subroutine before the program 
goes into execution. 

The required edits f o r  each of five commonly used 
computational options are stored on BCMASPgDIXl as card 
file elements and can be inserted at the appropriate place in 
the run stream by use of an ADD statement. To further facilitate 
the use of the program, each element a l s o  contains control cards 
which assign the necessary files and direct the use of the MAP 
contained on BCMASP*DIXl. Hence, to use the EOS one simply assigns 
file BCMASPnDIXl and adds the appropriate card file element to 
the run stream. The name and function of each card file element 
are listed in Table 2. 

2.1 Addition of COMMON Block CEOS 

One of the primary problems in structuring the EOS 
to be compatible with the standard BCMASP is the assignment of 
COMMON locations to working variables which are unique to the 
EOS. Originally, these working variables were always assigned 
to COMMON locations listed as vacant (or unassigned) by the 
TAGS dictionary for the standard version of BCMASP. However, 
the subsequent use of these locations in the standard version 
produced conflicts and necessitated the reassignment of the 
EOS vari a . h l ~ s  t.0 ether vacznt lccaticl?s. TG iiiaiiitairi cornpati- 
bility therefore, the EOS working variables had to be reassigned 
every time conflicts occurred. 

To provide a more permanent solution, a new labeled 
COMMON block named CEOS was created which contains one singly 
dimensioned array, EOS(50). These 50 words may also be given 
individual names by use of the EQUIVALENCE statement. The 
assignments made thus far are listed in the Appendix. CEOS was 
integrated into the COMMON structure by 

(1) modifying the TAGS dictionary to include CEOS 
and its array EOS(5O). The dictionary does not, 
however, include any of the specific tag names 
listed in the Appendix; hence input data cards 
must name specific elements of the EOS array, 
e*g. 2 

EOS(7) = 2 

which enters the integer 2 into EOS(7). 
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(2) modifying Subroutine PRTCOM so that COMMON 
dumps will include the EOS(5O) array. 

(3) modifying the routines designed to write 
and read the rollback tape and the inter- 
mediate tape so that the EOS array is treated 
in parallel with the VAR array, e.g., the two 
arrays are always written and read together. 
It should be noted that when the shortened 
form of the intermediate tape record is used 
during long-term ballistic flight (described 
in Reference 3) only nine words of the VAR 
array will be transmitted to the output pro- 
cessor in a PRINT LATER run. Transmission 
of the EOS array is suppressed along with 
all other VARs. 

In BCMASP all variables are stored in COMMON 
to facilitate their centralized management. To accomplish 
this objective the complete structure of COMMON must be 
known and used by many of the standard BCMASP routines. To 
minimize the changes to standard routines, however, the 
following simplifications were made in adding CEOS. 

(1) The precompiler was not modified to automatically 
include the CEOS block in the COMMON statements. 

references these variables must include the neces- 
sary additional COMMON, DIMENSION and EQUIVALENCE 
statements. 

Therefore, an~7 E v e n t s  List ST PriRt List L 1 -  L I l d L  - L 

(2) Subroutine LODCOM was not modified. Therefore 
the contents of EOS(50) are not initialized for 
any run other than the first. The latter is pro- 
vided by the system. 

2.2 Construction of the EOS Job Deck 

A sample EOS job deck is shown in Figure 2. The 
data for an EOS run is divided into two sections. The first 
section contains all of the data pertaining to the program's 
operation and to the simulation of the spacecraft trajectory 
(e.g., mode card, print card and the basic set of variables 
required to initialize the simulator) while the second section 
contains all data pertaining to spacecraft-target encounters 
as well as solar prediction data used in the generation of 
the dynamic drag model (Reference 2). 
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The EOS can  b e  o p e r a t e d  i n  e i t h e r  t h e  TARGET o r  
OPEN mode, The TARGET mode p r o v i d e s  t h e  c a p a b i l i t y  t o  I t e r a -  
t i v e l y  s e l e c t  a powered f l i g h t  t r a j e c t o r y  t h a t  a c h i e v e s  s p e c i -  
f i e d  i n s e r t i o n  c o n d i t i o n s .  I t  i s  r a r e l y  used  and w i l l  n o t  be  
d e s c r i b e d  h e r e .  OPEN mode o p e r a t i o n  i s  t h e  more u s u a l  way t o  
u s e  EOS, where c o n d i t i o n s  a t  i n s e r t i o n  a re  s u p p l i e d  as i n p u t  
d a t a .  A s i n g l e  Even t s  L i s t  was d e s i g n e d  t o  be used  f o r  b o t h  
a p p l i c a t i o n s .  I t  was precompi led  and compiled w i t h  t h e  name 
SIMTGT. To a v o i d  d u p l i c a t i n g  t h i s  program under  t h e  SIMOPN 
name, a n  a b b r e v i a t e d  SIMOPN i s  p r o v i d e d  whose on ly  f u n c t i o n  
i s  t o  t r a n s f e r  c o n t r o l  t o  SIMTGT when SIMOPN i s  c a l l e d  i n  an 
OPEN mode r u n .  The PRINT NOW o r  PRINT LATER o p t i o n s  may be  
u s e d  w i t h  e i t h e r  mode; however i t  a p p e a r s  t h a t  t h e  PRINT 
LATER o p t i o n  o f f e r s  no advan tage  i n  r u n n i n g  t ime o r  r e q u i r e d  
c o r e  space  and i s  n o t  recommended. 

The d a t a  f o r  a n  OPEN mode r u n  (which  r u n s  from 
Event  S4OFFl to Event  STOP) i s  d i v i d e d  between t h e  two s e c -  
t i o n s  of  t h e  d a t a  deck .  The f i r s t  s e c t i o n  c o n t a i n s  t h e  
b a s i c  s e t  of  v a r i a b l e s  r e q u i r e d  t o  i n i t i a l i z e  t h e  s i m u l a t o r  
a t  S4OFF1; i . e . ,  R I X ( 3 ) ,  V I X ( 3 ) ,  T ,  TIMEO, DATEO,  TC3 ,  EOS(4), 
EOS(5) ,  and ~ o s ( 6 ) .  O p t i o n a l  d a t a  t o  c o n t r o l  t h e  s p e c i a l  
maneuvering e v e n t s  ( d e s c r i b e d  i n  S e c t i o n  3 . 1 )  may a l s o  be 
i n c l u d e d .  The f i r s t  s e c t i o n  of  t h e  d a t a  deck  ends  w i t h  a 
LAST c a r d  which t e r m i n a t e s  t h e  s e t u p  phase  of  t h e  program. 

The second. s e c t i n n  of t h e  da ta  d e c k  i s  used to 
i n i t i a l i z e  two s p e c i a l  d a t a  b l o c k s  t h a t  have been c r e a t e d  i n  
COMMON, b u t  a r e  s e p a r a t e  from t h e  BCMASP COMMON s t r u c t u r e .  
These  l a b e l e d  COMMON b l o c k s ,  BAKER and NASH, a r e  used t o  s t o r e  
i n p u t  da ta  f o r  t h e  e x c l u s i v e  u s e  of s u b r o u t i n e s  OUTTGT and 
DYNAMC r e s p e c t i v e l y .  T h e i r  c o n t e n t s  a r e  l i s t e d  i n  T a b l e  3 .  

The second s e c t i o n  i s  i t s e l f  d i v i d e d  i n t o  two 
s u b s e c t i o n s .  I n  t h e  f i r s t  s u b s e c t i o n  a l l  of t h e  r e q u i r e d  d a t a ,  
w i t h  t h e  e x c e o t i o n  of  t h e  c a r d s  d e s c r i b i n g  t h e  s p e c i f i c  
t a rge t s  t o  b e  i n v e s t i g a t e d ,  i s  read i n  under  a NAMELIST named 
INPUT.  Hence t h e  f i r s t  data  c a r d  o f  t h e  second s e c t i o n  i s  a 
$INPUT c a r d .  A l l  data t o  b e  s p e c i f i e d  i n  t h i s  s u b s e c t i o n  may be 
read i n  a f t e r  t h e  $INPUT c a r d  i n  any d e s i r e d  o r d e r  i n  e q u a t i o n  
fo rm.  The l a s t  data  c a r d  i n  t h i s  s u b s e c t i o n  must b e  f o l l o w e d  
by a $END c a r d .  

I f  t h e  r u n  r e q u i r e s  i n f o r m a t i o n  on t e r r e s t r i a l  t a r -  
g e t s ,  t h e  c a r d s  c o n t a i n i n g  t h e  c h a r a c t e r i s t i c s  of t h e  t a r g e t  
s i t e s  a r e  p l a c e d  i n  t h e  second s u b s e c t i o n  immedia te ly  f o l l o w i n g  
t h e  $ E N D  c a r d .  Each c a r d  i s  a r r a n g e d  as f o l l o w s :  

Columns 1-18 Name of  t h e  t a r g e t  s i t e  
Columns 1 9 - 2 6  Geode t i c  l a t i t u d e  of  t h e  t a r g e t  s i t e  
Columns 27-34 Longi tude  of t h e  t a r g e t  s i t e .  
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Any a l p h a n u m e r i c  c h a r a c t e r s  may b e  e n t e r e d  i n  t h e  f i r s t  18 
co lumns;  t h e  v a l u e s  o f  l a t i t u d e  and l o n g i t u d e  however a r e  
f l o a t i n g  p o i n t  d e c i m a l s .  An END c a r d  must  f o l l o w  t h e  l a s t  
t a r g e t  s i t e  c a r d .  

2 . 3  G e n e r a t i o n  o f  S p a c e c r a f t - T a r g e t  E n c o u n t e r  Tape 

An o p t i o n  has been  i n c l u d e d  i n  t h e  EOS t o  g e n e r a t e  
a m a g n e t i c  t a p e  c o n t a i n i n g  t h e  d e s c r i p t i o n s  o f  s p a c e c r a f t -  
t a r g e t  e n c o u n t e r s .  The t a p e  c a n  be  used  w i t h  e i t h e r  t h e  
p h o t o g r a p h i c  o r  communicat ions a n a l y s i s  o p t i o n s  and  i s  d e s i g n e d  
t o  b e  u sed  as t h e  p r i m a r y  i n p u t  t o  t h e  T a r g e t  S i t e  A n a l y s i s  
Program (TSAP). The l a t t e r  was deve loped  s p e c i f i c a l l y  t o  
a n a l y z e  a s e r i e s  of s p a c e c r a f t - t a r g e t  e n c o u n t e r s .  TSAP 
g e n e r a t e s  a p r i n t e r - p l o t  o f  t h e  e n c o u n t e r s  w i t h  e l a p s e d  m i s s i o n -  
t ime as  t h e  a b s c i s s a  and t h e  d u r a t i o n  o f  e n c o u n t e r s  as o r d i n a t e .  
The p l o t  w i l l  a l s o  i n d i c a t e  o v e r l a p p i n g  c o n t a c t s ,  t h e  c u r r e n t  
l o c a l  t i m e  of e n c o u n t e r  ( d a y ,  e v e n i n g ,  o r  n i g h t )  a n d ,  f o r  MSFN 
s t a t i o n s ,  t h e  t y p e  of  d a t a  t r a n s m i s s i o n  c a p a b i l i t y  a v a i l a b l e  
( r e c o r d  and /o r  r e a l  t i m e ) .  

B 

Two a l t e r a t i o n s  t o  t h e  EOS j o b  deck  a r e  r e q u i r e d  t o  
g e n e r a t e  t h e  t ape .  F i r s t ,  t h e  t a p e  number must be a s s i g n e d  t o  
l o g i c a l  u n i t  8 i n  a n  A S G  ( a s s i g n )  s t a t e m e n t  i m m e d i a t e l y  p r e c e d i n g  
t h e  ADD s t a t e m e n t  ( F i g u r e  2 ) .  I n  a d d i t i o n ,  t h e  v a r i a b l e  IPLOT 
must  be  s e t  e q u a l  t o  e i t h e r  1 o r  2 i n  t h e  second s e c t i o n  o f  
ihe data  d e c k .  S e t t i n g  IPLOT e q u a l  t o  1 p e r m i t s  t h e  t a p e  t o  
b e  g e n e r a t e d  b u t  s u p p r e s s e s  t h e  p r i n t i n g  o f  t h e  d e s c r i p t i o n s  
o f  t h e  s p a c e c r a f t - t a r g e t  e n c o u n t e r s  i n  t h e  EOS r u n .  When IPLOT 
i s  set  e q u a l  t o  2 ,  b o t h  t h e  t a p e  and t h e  p r i n t o u t  a re  g e n e r a t e d .  

3 . 0  Changes A f f e c t i n g  t h e  S i m u l a t i o n  and  A n a l y s i s  o f  t h e  
O r b i t a l  T r a j e c t o r y  

3 . 1  S i m u l a t i o n  of O r b i t a l  Maneuvers 

The  EXEC 2 v e r s i o n  o f  t h e  EOS c o n t a i n s  o n l y  one e v e n t ,  
Even t  STOP, f o l l o w i n g  t h e  o r b i t a l  i n s e r t i o n  e v e n t ,  S4OFF1. The 
c r i t e r i o n  f o r  e x e c u t i n g  Event  STOP i s  a v a l u e  of m i s s i o n  e l a p s e d  
t i m e ,  i n p u t  by t h e  u s e r ,  which d e f i n e s  t h e  r e q u i r e d  d u r a t i o n  of  
t h e  o r b i t a l  s i m u l a t i o n .  The user t h e r e f o r e  has  no c o n t r o l  o v e r  
t h e  o r b i t a l  t r a j e c t o r y  subsequen t  t o  t h e  i n s e r t i o n  e v e n t .  

* R e f e r e n c e  4 
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M i s s i o n s  may, however, b e  c o n s i d e r e d  a s e r i e s  of phases ,  
bounded by s p e c i f i c  s p a c e c r a f t  maneuvers w i t h  each  maneuver 
h a v i n g  a s i g n i f i c a n t  e f f e c t  on t h e  s p a c e c r a f t  t r a j e c t o r y .  These  
maneuvers i n c l u d e :  

(1) t he  docking  (or undocking)  of  two s p a c e c r a f t s  
( a  Workshop and a CSN) which ,  b y  chang ing  t h e  
p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  o r b i t i n g  mass 
( o v e r a l l  weight  and c r o s s - s e c t i o n a l  a r e a ) ,  
changes t h e  r a t e  o f  o r b i t a l  decay ,  and 

an o r b i t  change ( v i a  a Hohmann o r  minimum 
ene rgy  t r a n s f e r )  o f  t h e  o r b i t i n g  v e h i c l e .  
T h i s  maneuver w i l l  be r e q u i r e d  a t  t h e  beg in -  
n i n g  of  t h e  m i s s i o n  and a g a i n  whenever t h e  
a l t i t u d e  o f  t h e  o r b i t i n g  v e h i c l e  decays  
s u f f i c i e n t l y  t o  e i t h e r  s u b v e r t  t h e  m i s s i o n  
o b j e c t i v e s  or t o  pose t h e  dange r  of  unplanned 
r e e n t r y .  

To s i m u l a t e  t h e s e  two maneuvers,  f i v e  new e v e n t s  were added t o  
t h e  EOS E v e n t s  L i s t .  All f i v e  w i l l  o c c u r  d u r i n g  t h e  s i m u l a t i o n  
of t h e  o r b i t a l  t r a j e c t o r y ,  t h a t  i s ,  a f t e r  t h e  e x e c u t i o n  of Event  
S4OFFl and p r i o r  t o  t h e  e x e c u t i o n  o f  Even t  STOP. 
o f  t h e  EOS E v e n t s  L i s t  i s  shown i n  F i g u r e  3 .  

T h i s  p o r t i o n  

The docking  maneuver i s  s i m u l a t e d  b y  Event  D O C K .  The 
everii i s  e x e c u t e d  when t h e  mis s ion  e l a p s e d  t ime i s  e q u a l  t o  TDOCK. 
A t  t h e  e v e n t ,  t h e  w e i g h t ,  d r a g  c o e f f i c i e n t ,  and c r o s s - s e c t i o n a l  
a r e a  o f  t h e  o r b i t i n g  mass a r e  r e d e f i n e d  t o  r e f l e c t  t h e  changes 
t o  t h e  o r b i t i n g  mass. The new v a l u e s  of weight  ( W G T D O K ) ,  d r a g  
c o e f f i c i e n t  ( C D D O K )  , and c r o s s - s e c t i o n a l  a r e a  ( A R A D O K )  as w e l l  
as t h e  v a l u e  of TDOCK a r e  s p e c i f i e d  i n  t h e  data  deck .  

An o r b i t  change i s  s imula ted  by a sequence  o f  f o u r  
e v e n t s .  T h e i r  r e l a t i o n  t o  an  a c t u a l  Hohmann t r a n s f e r  i s  i l l u s -  
t r a t e d  i n  F i g u r e  4 .  I n  t h e  f i g u r e ,  P o i n t  0 r e p r e s e n t s  t h e  c e n t e r  
o f  t h e  e a r t h  and  L ines  OB and O C  r e p r e s e n t  t h e  p e r i g e e  and apogee 
d i s t a n c e s  o f  t h e  o r i g i n a l  o r b i t .  The sequence  i s  i n i t i a t e d  by 
Event  SRCHl ( P o i n t  A )  which i s  e x e c u t e d  when t h e  m i s s i o n  e l a p s e d  
t i m e  i s  e q u a l  t o  TSRCH1, an i n p u t  v a l u e .  A minimum ene rgy  t r a n s -  
f e r  r e q u i r e s  t h a t  t h e  s p a c e c r a f t  v e l o c i t y  b e  r e d e f i n e d  only  a t  
t h e  aps ides ;  hence  Even t  S R C H l  i n i t i a t e s  a s e a r c h  for t h e  n e x t  
aps i s  (shown as t h e  p e r i g e e  p o i n t  B i n  F i g u r e  4). Beginn ing  
w i t h  Event  SRCH1, t h e  c o s i n e  of t h e  a n g l e  between t h e  space -  
c r a f t ' s  r a d i u s  and v e l o c i t y  v e c t o r s  i s  c a l c u l a t e d  a t  e v e r y  i n t e -  
g r a t i o n  s t e p .  The aps is  i s  then  t h e  p o i n t  a t  which t h e  two 
v e c t o r s  a re  p e r p e n d i c u l a r .  
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Event BOOST is executed at the apsis (Point B). At 
that event, the value of orbit radius required at the end of 
the transfer is input to Subroutine ALTER which redefines the 
spacecraft velocity vector. 
with the spacecraft position vector defines the spacecraft 
orbit as the transfer ellipse BDE. 

This new velocity vector together 

If the spacecraft's orbit is to be modified further, 

As in the case of Event SRCH1, the time of execution 

e.g., circularized, then the modifications will be performed 
at Point E (Event CIRCLE). 
Point E. 
of Event SRCH2 is not of primary concern so long as it occurs 
sometime before the spacecraft reaches Point E. 
execution time of Event SRCH2 has been chosen as the mission 
elapsed time corresponding to 10 minutes prior to the space- 
craft's estimated arrival time at Point E (Point D in Figure 4). 
The estimated arrival time at Point E is found by adding one- 
half the Keplerian period of the transfer ellipse to the mission 
elapsed time at the execution of Event BOOST. 

Event SRCH2 initiates the search for 

Therefore, the 

In order to determine the location of Point E, a 
vector is defined at Event SRCH2 (Vector TTEMP in the Events 
List). It is contained in the orbit plane and perpendicular to 
the spacecraft radius vector at the perigee point B (Vector 
RSAV in the Events List). The dot product of 3 and the cur- 
rent spacecraft radius vector % (RX in the Events List) is 
defined as RT. Since RT is the magnitude of the projection of 
3 onto ?$, R T 
to %. Hence we can define the criterion for the execution of 
Event CIRCLE, which is to be executed at Point E, as R 

* 

will be equal to zero when is?t is perpendicular 

= 0. T 

The spacecraft orbit is circularized at Event CIRCLE. 
Since the circularization can be considered as a type of orbit 
change it can be simulated by the same techniques used to 
simulate the Hohmann transfer; i.e., using Subrgutine ALTER to 
redefine the spacecraft velocity. This time however the 
required orbit radius at the end of the next half-orbit is 
the same as the current value (the value at Point E). Hence the 
input to Subroutine ALTER is the current magnitude of orbit 
radius. 

X O B  
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A s  ment ioned  above ,  S u b r o u t i n e  ALTER was used  a t  
Event  BOOST and Event  CIRCLE t o  d e t e r m i n e  t h e  new s p a c e c r a f t  
v e l o c i t y .  The s u b r o u t i n e  can  i n  f a c t  be  u s e d  a t  e i t h e r  a p s i s  
t o  d e f i n e  t h e  c u r r e n t  s p a c e c r a f t  v e l o c i t y  r e q u i r e d  t o  a c h i e v e  
any  d e s i r e d  o r b i t  r a d i u s  one -ha l f  o r b i t  l a t e r .  The c a l c u l a t i o n s  
pe r fo rmed  i n  S u b r o u t i n e  ALTER a r e  based  upon t h e  a n a l y s i s  r e p o r t e d  
i n  R e f e r e n c e  5 which showed t h a t  "when t a n g e n t i a l  b u r n s  a r e  used  
i n  ear th  o r b i t  t o  a c h i e v e  a s p e c i f i c  r a d i u s  o n e - h a l f  o r b i t  l a t e r ,  
a s i g n i f i c a n t  e r r o r  i n  t h a t  r a d i u s  w i l l  o c c u r  i f  t h e  v e l o c i t y  
a c h i e v e d  w i t h  t h e  b u r n  d o e s  no t  i n c l u d e  a component t o  compen- 
s a t e  f o r  t h e  e a r t h ' s  a s p h e r i c i t y . "  The r e p o r t  a l s o  showed t h e  
magn i tude  of  t h e  r e q u i r e d  c o r r e c t i o n  t o  t h e  K e p l e r i a n  v e l o c i t y  
i s  a f u n c t i o n  of t h e  apogee  and p e r i g e e  r a d i i ,  t h e  o r b i t a l  i n c l i -  
n a t i o n ,  and  t h e  g e o c e n t r i c  l a t i t u d e  of t h e  s p a c e c r a f t ' s  s u b p o i n t  
a t  t h e  t i m e  t h e  b u r n  i s  made. The comple t e  e x p r e s s i o n  f o r  t h e  
r e q u i r e d  v e l o c i t y  i s  shown i n  R e f e r e n c e  5 t o  b e  

where  

and 

i = o r b i t a l  i n c l i n a t i o n  
J = t h e  f i r s t  harmonic of t h e  e a r t h ' s  g r a v i t a t i o n a l  

Re = e q u a t o r i a l  ear th  r a d i u s  
r = s p a c e c r a f t  r a d i u s  a t  t h e  t i m e  o f  b u r n  
r = d e s i r e d  s p a c e c r a f t  r a d i u s  one -ha l f  o r b i t  a f t e r  

p o t e n t i a l  

i 

m 

req 
p = E a r t h ' s  g r a v i t a t i o n a l  c o n s t a n t  

a t  t h e  t ime of t h e  b u r n .  'i 

t h e  b u r n  

c r a f t  r a d i u s  one-ha l f  o r b i t  l a t e r  
V = v e l o c i t y  r e q u i r e d  t o  a c h i e v e  t h e  d e s i r e d  s p a c e -  

= g e o c e n t r i c  l a t i t u d e  of  t h e  s p a c e c r a f t ' s  s u b p o i n t  
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This expression is used in Subroutine ALTER to solve for the 
magnitude of the required spacecraft velocity. The latter is 
then resolved into its axial components by forming the product 
of the new magnitude with each of the direction cosines of the 
original velocity. 

The Events List in Figure 3 was used to simulate the 
orbital maneuvers of a typical AAP mission. After 3-1/3 days in 
orbit the spacecraft was transferred from its original 185 x 
210 nm orbit to an altitude of 212 nm. The orbit was circularized 
at 212 nm. Figure 5 illustrates the results of the simulation. 
It is a plot of the variation of the spacecraft radius (converted 
for convenience to geocentric altitude) with time and shows the 
accuracy of the actual orbit to be within one mile of the desired 
value. 

It should be noted that the user has the flexibility 
to simulate either or both of the orbital maneuvers without 
modifying the Events List. The execution of Event DOCK and of 
Event SRCHl (which initiates the simulation of the Hohmann 
transfer) are determined by the input values of mission times 
T D O C K  and TSRCHl respectively. If either (or both) of these 
values are not specified in the data deck, they are set equal 
to zero. Since an orbital simulation which begins at insertion 
(Event S4OFF1) has an initial value of mission elapsed time 
greater than zero, the criterion can never be satisfied and the 
event, will n o t  be executed. 

3.2 Computations of Line-of-Sight Contact for MSFN Ground 
Stations 

As mentioned above, the EOS Print List is constructed 
specifically to compute site visibility for photographic targets. 
However, a slightly modified version of the same algorithm can 
be used to compute line-of-sight contact for MSFTJ ground stations. 

The viewing geometry which is the basis for the EOS 
algorithm that determines acceptable visual contacts with a 
photographic site is shown in Figure 6a. In the figure, S 
represents the spacecraft and P its subpoint on a spherical 
earth whose center is at Point 0. Point A represents the posi- 
tion of a terrestrial target. An acceptable contact is estab- 
lished when the viewing angle 8 ,  defined by the relative position 
of the spacecraft and the site, is l e s s  than some fixed value a. 

8 

* 
Described in detail in Reference 1. 
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Though the criterion for line-of-sight contact with 
an MSFN ground station is u s u a l l y  specified in terms of the 
spacecraft's elevation angle, it can also be specified in terms 
of the viewing angle a. The viewing geometry for the deter- 
mination of an acceptable line-of-sight contact is shown in 
Figure 6B where the points A, 0, P, and S, and the angles a 
and 0 have the same meaning as in Figure 6A. As in the case 
for photographic site encounters, an acceptable line-of-sight 
contact is established when the viewing angle 0 is less than 
a. In this case however, the value of a is not constant but 
is defined at each point in the trajectory as 

-1 R e 
a = sin (-cosB) R 

where 

R is the earth's radius (Line OC) 
R is the spacecraft radius (Line OS) 
f3 is the limiting value of spacecraft elevation 

e 

angle. 

A card file element (COMMUN) which incorporates the 
necessary changes  to r ede f i rx  N, (acctnrdinm b tc this l a t t e r  
definition) at succeeding points in the spacecraft trajectory 
has been added to BCMASP+DIXl and can be used as described in 
Section 2.0 to generate a list of line-of-sight contacts with YSFN 
ground stations. The station's characteristics are input to 
the program in exactly the same manner as the characteristics 
of the photographic sites. 

4.0 Summarv 

The BCMASP Earth-Orbit Simulator has been revised 
to achieve compatibility with the EXEC 8 version of BCMASP. 
The EXEC 2 version of the EOS is a complete self-contained 
version of BCMASP. The new version however consists of o n l y  
25 subroutines, 21 of which are modified versions of standard 
BCMASP routines. Proper operation of the ?,OS requires that the 
21 modified subroutines be used in place of the respective 
standard versions that appear on the BCMASP program file. 

Many of the problems in maintaining compatibility 
between the standard BCMASP and the EOS arise from the recurring 
conflicts which occur in the assignment of COMMON locations. To 
eliminate these conflicts, a new COMMON block with 50 locations 
was created specifically for working variables unique to the 
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EOS. 
ture and offers the user the same flexibility available to him 
with the Simulator Working Variables (VARS). 

The new block is fully integrated into the program struc- 

The EOS now has five princiDal computational options. 
It can be used to compute 

-the spacecraft ephemeris 
-the spacecraft day/night cycles 
-site visibility for photographic targets 
*line-of-sight encounters with MSFN ground stations 
*an optimum powered flight trajectory. 

The operation of the EOS has been simplified by the creation of 
a card file element for each computational option. 
contains the necessary control cards and edits to the precompiled 
Print List to run one of the options. 
are on the EOS program file and can be added to the run stream 
by use of  an ADD statement. 

Each element 

The five card file elements 

On option, the EOS will also generate a magnetic tape 
containing the descriptions of  spacecraft-target encounters. 
The tape can be used with either the photographic or communications 
options and is designed to be used as the primary input to the 
Target Site Analysis Program. 
developed specifically to analyze a series of spacecraft-target 
encnlxters. 

The latter is an auxiliary program 

The EOS Events List can simulate two orbital 
maneuvers which affect the spacecraft trajectory: 
a minimum energy (Hohmann) orbit transfer. Docking is simulated 
by Event DOCK. At that event, the weight, cross-sectional area, 
and drag coefficient of the orbiting mass are redefined to reflect 
the change in the orbiting configuration. The Hohmann transfer 
is simulated by a sequence of four events which is initiated by 
Event SRCH1. 
which is found when the spacecraft's radius and velocity vectors 
are perpendicular. The spacecraft velocity is redefined at the 
apsis so that the spacecraft travels on a transfer ellipse and 
arrives at the desired altitude one-half orbit later. The 
orbit is circularized at that point by the same technique, 
redefining the spacecraft velocity. 

docking and 

The latter initiates a search for: the nearest apsis 

i.e., 

The execution of each maneuver is controlled by an 
input value of mission elapsed time. 
in the input data deck the user controls not only the time 
at which the maneuver is performed but whether it is performed 
at all. 
the corresponding maneuver will not be performed. 

By specifying a value 

If' a value o f  mission elapsed time is left unspecified, 
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FIGURE 1 

MAP for the BCMASP Earth-Orbit Simulator 
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FIGURE 2 

Sample EOS J o b  Deck 

@RUN 
@HDG 
@ASG,A 
@ASG,TM 
@ADD 

Sample EOS J o b  Deck 
BCMASPnDIXl 
2,T,[Intermediate tape number]R 
BCMASPnDIXl*[Card file element name] 

LAST 

n a t a  Deck - S e c t i n n  2 

Cards 

END 
@FIN 



FIGURE 3 

EOS Even t s  L i s t  f o r  t h e  S i m u l a t i o n  of  an E a r t h - O r b i t  T r a j e c t o r y  
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FIGURE 6a - VIEWING GEOMETRY FOR DETERMINING VISUAL CONTACT 
WITH PHOTOGRAPHIC TARGETS 
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FIGURE 6b - VIEWING GEOMETRY FOR DETERMINING LINE-OF-SIGHT CONTACT 
WITH MSFN GROUND STATIONS 
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TABLE 1 

C o n t e n t s  of File BCMASPnDIXl 

S u b r o u t i n e s  

*ALTER 
CLOSED 
DENSTY 
DIFEQ 

ETHORB 
GEODET 
INITAL 
INTMAX 

OUTPUT 
OUTTGT 
PRTCOM 

*&THETA 
R E A D I N  
ROLLBK 
ROLLPT 
SIMDKS 
SIMOPIJ 
SIMTGT 
S I T B  
TAGS 
TAPE 
TRJSEL 

*DYNAMC 

*MOD 

MAP 

Card F i l e  

BCMASP 

E l e m e n t s  

COP,?MUN 
DNCYCLE 
OBTAIN 
PHOTO 
SCEPHEM 

* 
Original S u b r o u t i n e  
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TABLE 2 

Name 

COMMUN 

DNCYCLE 

OBTAIN 

PHOTO 

S C E P HE M 

Card File Elements on File D I X l  

PurDose 

Edit and recompile Subroutine OUTTGT to 
compute line-of-sight encounters with 
MSFN ground stations. 

Edit and recompile Subroutine OUTTGT to 
compute spacecraft day/night cycles. 

Edit and recompile Subroutine SIMTGT and 
supply BCMASP data cards to initiate a 
targeting run. 

Pick up and load the standard version of 
Subroutine OUTTGT to compute site visibility 
for photographic targets. 

Edit and recompile Subroutine OUTTGT to 
calculate spacecraft subpoint position and 
altitude. 
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APPENDIX 

T a b l e s  A - 1  and A-2 a r e  d i c t i o n a r i e s  o f  t h e  FORTRAN 
v a r i a b l e s  a s s i g n e d  t o  t h e  CEOS COMMON b l o c k .  T a b l e  A - 1  lists 
t h e  v a r i a b l e s  i n  a l p h a b e t i c a l  o r d e r  and T a b l e  A-2 l i s t s  t h e  
v a r i a b l e s  i n  o r d e r  o f  t h e i r  s t o r a g e  l o c a t i o n s .  
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TABLE A - 1  

CEOS COMMON Block  Assignments i n  A l p h a b e t i c a l  O r d e r  

N a m e  I EOS # 

1 A L T l  
1 

1 ARADOK 

1 A R A I N J  

! 
i CDDOK 

i 

I 

i 
i i C D I N J  

DELTA 

DUMT 

G I N C L  

t G I N C L R  
i 
I 

i i 

1 

I 
/ I D A Y  

1 I O P T I N  
I 

12 

8 

5 

7 

4 

1 7  

2 

18 

19 

27 

25 

30 

1 

1 De f i n i  t i o n  
i 

Requ i red  o r b i t a l  a l t i t u d e  a t  t h e  end  o f  a Hohmann \ 
t r a n s f e r  (nm) 

C r o s s - s e c t i o n a l  area o f  t h e  o r b i t i n g  mass a f t e r  
t h e  dock ing  maneuver  ( s q u a r e  f e e t )  

C r o s s - s e c t i o n a l  area o f  t h e  o r b i t i n g  mass 
i n s e r t i o n  ( s q u a r e  f e e t )  

a t  

Drag c o e f f i c i e n t  o f  t h e  o r b i t i n g  mass a f t e r  t h e  
dock ing  maneuver 

Drag c o e f f i c i e n t  o f  t h e  o r b i t i n g  mass a t  
i n s e r t i o n  
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